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SUMMARY

PROBLEM

Test and evaluate microwave scanning landing guidance system concepts in a specular
multipath environment for application to vertical takeoff and landing systems aboard small
ships. Specifically. evaluate circular polarization, relatively large-beamwidth antennas, and
mathematical signal enhancement techniques.

APPROACH

Three different systems were tested at the NOSC range under severe, controlled multi-
path conditions and the results analyzed and compared.

CONCLUSIONS

1. Both circular polarization and low-elevation-angle enhancement techniques contrib-
ute to solving the problem of specular multipath.

Z. Antennas with elevation and azimuth scanning beamwidths as wide as 4 and 6 deg,
respectively. are adequate for a shipboard Ku-Band scanning beam landing guidance system.
Existing Navy and Marine Corps Ku-Band scanning beam systems have beamwidths of 2 deg or
less.

3. Comparative tests were run on 1- and 2-us/deg coding, and it was found that there
was no significant difference in the accuracies of the two.
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INTRODUCTION

During December 1980, tests were conducted on three ditferent microwave scanning
beam landing guidance transmitters at the test tacility at Naval Ocean Systems Center (NOSC).
These tests are a part of the testing which has been done for the Navy Vertical Takeoft and
Landing INAVTOLAND) Project. The test facility has an approximately 160- by 160-f1
ground plane. over which controlled specular multipath conditions can be achieved.

The th-ee transmitters that were tested were the Airborne Instrument Laboratories
(AIL) PACSCAN Unit. a highly modified Tactical Landing System (TLS) elevation unit. and
a Singer-Kearfott-produced AN/ TPN-30 Marine Remote Arca Approach and Landing Systems
MRAALS) ground unit. All of these transmitters operate in the Ku-Band and are scanning
beam devices that transmit coded pulse pairs in such a manner that they can be decoded inan
airborne receiver to accurately determine the elevation and azimuth angle of the transmitter
from the airerafl.

Three special features were available for testing in the AL cquipment: circular polari-
zation of the signal: a special low-angle enhancement technique, patented by AlL: and the
ability to change from 2- to I 'deg coding,

This report will describe the equipment tested and its special features, present the data
that were obtained during the tests. and summarize and compare the various techniques and
devices. Three appendixes are provided. Appendix A contains comprehensive plots of the test
data, Appendix B presents a description of the AL equipment. and Appendix C describes in
detail the TPN-30.

TRANSMITTER AND RECEIVING EQUIPMENT

PACSCAN

The PACSCAN cquipment (Fig 1y elevation angle coverage is from 0 to approximately
16 deg. The azimuth coverage is approximately 30 deg to cither side of the center line, The
beamwidth of the elevation antenna is approximately 4 deg at 3 dB down and the sidelobes
down 25 dB. The azimuth antenna has a beamwidth of 6 deg at 3 dB down. The polarization
was vertical for the tests, even though PACSCAN is normally horizontally polarized.

The PACSCAN cquipment features a special, patented. low-angle enhancement mode
of operation. In conventional scanning beam cquipment, the clevation angle must be scanned
at or near zero to be able to decode fow-angle data. The AIL system employs a technigue in
which the elevation-angle transmitter is cut oft at some value above zero and the airborne decoder
determines angle position by means of mathematical beam fitting on the partial elevation beam
received at low angles. Thus one is able to decode angles at elevation angles less than one-halt the
beamwidth ot the transmitting antenna. In this prototype cquipment the cutoff angle is
variable in 0.5-deg steps from 0 to 6 deg. This provides a means of controlling the multipath
reflections by climinating them at low angles.,

The update rate of the equipment is four times per second tor the elevation and azimuth
angle data.

The equipment can also be simply switched to provide coding of cither 1 or 2 gs.deg.
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The TLS was equipped with a 4-deg beam, measured at the 3-dB points, and is
circularly polarized. The scan rate of the antenna is 4 Hzo The system has a coding of 1 gy deg

and has selectable 0.5-deg cutoft up 1o 6 deg. Figure 3 is a photograph of the circulurly polar-
red scanming beam antenna,

TPN-30

The Marine Remote Area Approach and Landing System (MRAALS) TPN-30 truns-
mitter was developed by Singer-Keartott for the Marine Corps. The unit has a 2-deg beam-
width in both clevation and azimuth, [t provides elevation coverage from 0 to 20 deg and
azimuth coverage of £20 deg. The scan rate is 7.5 Hz. The unit is shown in Fig 4, and descerip-
tive intormation is presented in Appendix C.

AIL RECEIVER-DECODER

The receiver used in all the December tests was ¢ moditicd ARQ-31 tront end. The
decoder s broken into two parts, one of which is the ARQ-31 interval tracker. The second
part is a Texas Instruments SBP9900 microprocessor. which provides 2k by 1o bytes of
scrateh pad memory, The decoder provides both digital and analog outputs. Additionally
it can do course sottening and ottset calculations. Figure 5 shows the unit on the vertical
track.

TEST PROCEDURES

The tests were run at Building 372 at NOSC. Here there is @ large wire sereen tappros-
imately 160 by 160 tt) ground plane. A track on a large vertical, wooden pole was used 1o
obtain various elevation angles. Figure 6 is a drawing of the test range. A photograph of the
range is shown in Fig 7.

Duta were taken by raising the receiver-decoder to approximately 25 tt then lowering
it in approximately 6-in. increments and taking data at cach level until the datu became
unusable.

An intertace unit provided by AIL permitted direct intertace 1o an HPY82SA com-
puter. The raw data were placed on magnetic tape in the HPUS2SA  and plots of the smooth
data were obtained from the HPY872 plotter. Figure 8 is a photograph of this data-taking
cquipment.

At cach reference point, 100 samples ot angular data were taken for elevation for all
three transmitters and also 100 samples ot azimuth data tor the PACSCAN and the TPN-30.
A miean and standard deviation were caleulated using these samples.

The data were taken at o horizontal distance of approximately 150 . Each of the
transmitters was either sitting directly on the ground plane or eleviated 7 11, 8 in. off the
ground plane and sitting on a wooden box in the back ot a stake truck. This setup is shown
in Fig 9. A photograph of all three of the transmitters tested is shown in Fig 10.

TEST RESULTS
INTRODUCTION

Table 1 hists the runs made during this series of tests and summarizes the important
tactors in cach run. Of the 31 runs, only Runs 9 uand 10 were bad data, caused by an error m
setting the cquipment.
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Appendix A contains plots for the elevation angle data for Runs 1 through % und 11
through 31 (Fig A<l through A-29). These data are presented i the Appendix A for com-
pleteness. Some ot the runs will be characterized m this section, as will be the composite Jata

that present the resalts.

CIRCULAR VERSUS VERTICAL POLARIZATION OF ELEVATION DATA

The TLS was cquipped with a special antenna that permitted testing cireular versus
vertical polarization. Figure 11 shows the average vidues plotted tor Runs 2 and 6 that compare
circular to vertical polarization with the TLS transmitter on the mat, o O-deg cutott. and with
no enhancement. Figure 12 shows the standard deviations 1or the same runs. In these two
figures there is no signiticant eftect from the polunization, Figures 13 and 13 represent thie
average values and standard deviations for Runs 3 and 4. In these runs the transmitter was on
the mat, the cutott was set at 2.5 degsand the signal was enhanced. Again one can see fittle

ditterence in the two polarizations.

Figures 13 and 1o give the average and standurd deviations, respectively, tor Runs 7
and Sonr ol the TLS was elevated 7 HL S off the mat with o O-dee cutoffin the erhun.ed
mode. Again there s not asteniticant jmprovement,

In the nexttawo tests tRuns Flond 12 elevated at 7 1~ imoy the TLS was pointed dow -
ward approximately 12 deg so that the signal wus illuminating the mat. Again g tun Was tuken
using both vertical and circulur polarization. and the results are shown in Fig 17 tor the averages
and in Frg I tor the stundard deviation. Here the ditterence between circulur and vertical pobariz. - i
ton i pronoun ed. Lhe errors were completely ot scale for the verticul polarization y majorin '
ot the run, whereas with the circular polarization the decoder was able to track, This s
mmportant, for it represents the case ot negative angle coverage that will be necessany in the
NAVTOLAND advanced development equipment.

ENHANCED VERSUS UNENHANCED ELEVATION DECODER

The ALL enhuncement technique provides an algorithim that makes a best 11t to the
wam emelope sensed by the decoder. Tt permits obtaining avalid answer for elevation angles

teas than one-halt a beuawidth above cutotr, i
.. . . . - !
Figures 19 and 20 present the averages and the standurd deviations for Runs 13 and 1o, j
Both runs wore identical and on the mat. the only difference being that one was enbanced while

the other was not. A zero cutoft was used in both cases, and this is selt=defeating since the priman
ohject is to permit cutting off the beam at higher angles: but it was done here tor completeness
and standard deviation comparisons. One does notsee any improvement in the average here.
In tact it becomes worse at lower angles. However. there is a marked improvement in the !
standard deviation in Fig 20 of approximately two to one. J]
1
i

Runs 23 and 24 were used to again compare enhanced with unenhanced. Both these
runs were taken with the traonsmitter elevated to 7 0 X in. and the elevation at O deg cutoft.
The results for the averages are shown in Fig 21 and tor the standard deviations in Fig 22 Note
that below 2 deg. the halt-beamwidth tor the PACSCAN. the unenhanced decoded angle slopes
upward. This is caused by an increasingly farger portion of the beam being missing below 0 deg

cutoft and the tact that the decoder averages what is received over the entire interval, The
enhanced signal processor mathematically corrects tor the minsing beamwidth in the enhanced ;
case and continues to track right down to O deg and below . A companison of the standard

deviations for these runs shows the strong mprovement at higher angles, but it becomes worse

at angles between O and 1 deg. |
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From these plots one can make a strong case for the enhancement techniques, and this
will oe illustrated turther in the next section,

PACSCAN — TPN-30 ELEVATION ANGLE DATA COMPARISONS

In this section the plots compure the data taken with the three ditferent trunsmitiers.
Both the PACSCAN und TLS have 3-deg cievation beamwidth, and the TPN=30 has a 2-deg
beamwidth,

The average values for the three ditferent transmitters are shown in Fig 23, The
composite curve represents daty from runs 2015 and 29, Cutoft was set at O deg tor all three
transmitters and the PACSCAN and TLS were not enhanced. Figure 29 gives the standard
deviations tor these same runs. The average for the TEN-30 is smoce*her than that for the
PACSCAN and TLS. The stundard deviations are approximately of the same magnitude. with
the TPN-30 again being smoother. Figure 235 shows the average values tor the three trans-
mitters tor Runs 13. 16.and 29. These runs are identical to the previous runs., except both
the TLS and the PACSCAN uare now in the enhanced mode. Figure 20 shows the standaird
deviation values for the runs.,

A comparison ot Fig 23 and 25 shows a slight degradation in the average values for
TLS and PACSCAN. but comparison of Fig 24 and 26 shows 1 marked improvement in the
standard deviation. Again it must be noted that to get the benefit of the enhancement tech-
nique. the cutott should be set ubove 0 deg.

Figures 27 and 28 show the composite averages and standard deviations, respectinely
for runs 8. 23, and 28, In all of these runs the transmitters were elevated ™ 118 in. above the
mat. One can see a marked improvement in the low-angle data for the PACSCAN and the TLS.
Since both the PACSCAN and TLS are in the enhanced mode, they track well below the hall-
beamwidth (ie. 2-deg) value. The TPN=30. with a half-beamwidth value ot 1 deg, shows a
steady upwurd slope below that value. The standard deviations are approximately cqual
between O deg and | deg. and better by a factor of two at elevation values above | deg.

PACSCAN AVERAGE ELEVATION DATA CORRECTIONS

The algorithm used to enhance the PACSCAN was not complete when the unit was
delivered for test. To complete the algorithm. a correction is needed to eliminate the upward
slope in the data that occurs at angles approximately 1 2 deg below the transmitter elesation
cutoft value. This was not the case for the TLS. It had been corrected.,

Figures 29 through 33 show the plots for the average values of the enhanced PACSCAN
data as they were taken in Runs 1, 18,19, 20, and 22 and the same data after a correction was
applied in the Y825A computer, betore the data were plotted. The same correction was used
in all five figures.

The corrected average s given by

it A <!

0.5

Teut ™

then  Aiorr = Apgw — S (b —0.5 - Argw )

L S208 ant A v




where:

Acorr = vorrected average
= raw ot cive N
Ar;nv raw data averagy
S = slope constant
- = . S ' » N s},
t cut  transmitter cutotl angle

The slope used in all of the five figures was approximated from Fig 32 and is approx-
imately 0.87. Examination ot these tigures shows that the average value was being tracked at
approximately 0.5 deg elevation, which would be one-cighth ol a beamwidth for the
PACSCAN. This was not a dropout point but came about by the physical limitations of the

112

tost tacility. Figure 33 illustrates the improvement obtained by using this correction.

AZIMUTH DATA

Figure 34 presents the azumuth angle data obtained tor the PACSCAN in run Jo. In
the azimuth figures that will be prosented in this section, the average bias offset from zero
is not important since no attempt was made to obtain precise azimuth alignment. Figure 35
shows the average and standard deviation for the PACSCAN clevation, 7 11, 8in. In Fig 36
the PACSCAN was again clevated, and the zero-clevation reterence was approximately -9 deg so
that the signal was illuminating the mat. Here one sees a degradation of the average. but the
standard deviation remains approximately the same.

Figures 37 and 38 show the azimuth angle data for the TPN=30 on the mat und clevated.
Again one should note the bias oftset of the average is merely d test alignment error and not an
error in the equipment. Comparison of the PACSCAN and TPN-30 azimuth angie datia shows
both the average and standard deviation to be smoother. It is worth noting again that the
TPN=30 is a 2-deg-beamwidth system and the PACSCAN 4 6-deg svstem.

1- VS 2-us/deg CODING

Preliminary testing on the PACSCAN system was accomplished between 30 Apri!
and 14 May 1980 at the NOSC Test Range. During this period. the effect of changing the
spacing of the angular encoding from 2 to 1 deg was tested, and the results were definite
cnough that the tests were not repeated during the November tests.

The results of these tests are shown in Fig 39 and 40, in which the averages for
the runs with 1-and 2-us’deg coding are compared. The decoder was in the unenhanced mode.
and the transmitter was on the mat  The standard deviations for the two runs are shown in
Fig 40. Carerul examination of the data shows no significant ditferences in cither the
averages or the standard deviations.




CONCLUSIONS

A. Where elevation angle coverage requirements make it necessary to iliuminate
specular multipath reflector with the elevation beam, multipath is a severe problem, and some
technique must be used to counter the problem. {n these tests. circular polarization ot
the signal appears to be one adequate, as well as practical, solution 1o the problem,

B. Incorporating mathematical enhancement techniques to process the elevation datu
offers a distinct improvement in the presence of specular multipath.,

C. Accurate angle data can be obtained using beamwidths ot up to 4 deg and enhance-
ment techniques, thus providing significant reductions in equipment size. Existing Ku-Band
equipments, such as the AN/SPN—1 and the AN;TPN-30 MRAALS. have beamwidths of 2
deg or less.

D. There is no signiticant difference in accuracy between I- and 2-us deg coding.
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Figures A-1 through A-2v are

APPENDIX A

Elevation Angle Data

|

the plots tor test runs in order, except that runs 9 and

10 were not plotted since they have Fad data due to an error in setting the test equipment.

Each figure shows the averase valo 1o

nificant parameters are contair, o

D0 samples as well us the standard deviation. Sig-
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INITIAL SET-UP AT SITE
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